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Abstract

Treatment strategies of medication-related osteonecrosis of the jaw (MRONYJ) are controversial. Recently, surgical treatment
has been reported as superior to nonsurgical treatment, but the contribution discontinued antiresorptive agent use during
MRONIJ treatment remains unclear. This study aimed to evaluate the efficacy of drug holidays and treatment strategies in
MRONI cases. Four-hundred and twenty-seven patients with MRONIJ treated at nine hospitals from 2009 to 2017 were
included in this multicenter retrospective study. Multivariate Cox regression analysis showed that the primary disease (osteo-
porosis or malignant tumor), diabetes, serum albumin, and treatment method (surgical or nonsurgical) were significantly
correlated with the cure rate. The cumulative 1-year cure rates in the surgical and nonsurgical treatment groups were 64.7%
and 18.2%, respectively. However, discontinuing antiresorptive agents did not influence the treatment outcome in the cohort
overall, or in 230 patients after performing propensity score matching among the discontinuation and continuation groups.
When stratifying by treatment method, antiresorptive agent discontinuation significantly increased the cure rate in patients
with osteoporosis who underwent nonsurgical treatment. In patients with malignant tumors undergoing nonsurgical therapy,
discontinuing the antiresorptive agent was associated with a better treatment outcome, but not with statistical significance.
In contrast, drug holidays showed no effect on improving outcomes in patients with both osteoporosis and malignant tumors
who underwent surgical therapy. Thus, regardless of the primary disease, discontinuing antiresorptive agents during treat-
ment for MRONIJ may not be necessary and may be helpful in some cases. Future prospective trials should examine this
question further.
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Introduction

Medication-related osteonecrosis of the jaws (MRONI) is
a well-known adverse effect of antiresorptive agents, such
as bisphosphonate (BP) and denosumab (Dmab). Whether
to use nonsurgical treatment or surgery as a strategy for
treating MRONJ is still controversial, since there have
been no randomized controlled trials for treatment meth-
ods. The position paper of the American Association of
Oral and Maxillofacial Surgeons (AAOMS) [1] and that of
the Allied Task Force Committee of the Japanese Society
for Bone and Mineral Research on bisphosphonate-related
osteonecrosis of the jaw [2] recommended conservative
therapy for stages 1-2 of MRONIJ. On the other hand,
some reviews [3—5] have reported that surgical treatment is
more effective than nonsurgical treatment for MRONJ. We
have also previously reported that extensive surgery was
superior to conservative surgery or nonsurgical therapy
in a multicenter retrospective study of 361 patients with
MRONI [6]. Additionally, not only the final cure rate, but
also the time-to-cure is important, considering that many
patients with MRONJ are elderly or have cancer.

Another unresolved issue is whether discontinuing
antiresorptive agent treatment affects MRONJ treatment
outcomes. Magopoulos et al. [7] reported that patients
who underwent surgery after ceasing antiresorptive agent
treatment for more than 6 months obtained better treat-
ment outcomes than those who did not take a 6-months
drug holiday. The Japanese position paper of 2016 [8]
also recommended discontinuing BP or Dmab upon the
diagnosis of MRONIJ through the end of the MRONI treat-
ment, although supporting evidence for this approach is
lacking. The position paper of AAOMS [1] also discusses
drug holidays during invasive dental treatments in patients
with osteoporosis, but drug holidays during treatment after
an MRONIJ diagnosis are not mentioned. In patients with
malignant tumors, it is stated that Dmab may theoretically
have an effect similar to a drug holiday, but there are no
data to support it.

In view of the lack of evidence for the efficacy of a
drug holiday, we considered that it may be inappropriate
to discontinue BP or Dmab. The purposes of this large-
scale, multicenter, retrospective cohort study were (1) to
clarify which treatment is best, taking into consideration
the treatment duration, and (2) to investigate whether a
drug holiday contributes to improved MRONI treatment
outcomes.

Materials and methods
Patients

In total, 453 patients with MRONIJ were treated at 9 uni-
versity hospitals (Nagasaki University, Wakayama Medical
University, Kobe University, Kansai Medical University,
Nara Medical University, Nagoya City University, Osaka
City University, Juntendo University, and Shinshu Univer-
sity) between 2009 and August 2017. Twenty-six patients
who were not followed up for more than 3 months after treat-
ment were excluded from the study and the remaining 427
patients were investigated in this retrospective, multicenter
study (Fig. 1).

Variables

Various clinical factors were examined retrospectively based
on the patients’ medical records including age; sex; site of
MRONIJ (upper or lower jaw); stage of MRONJ [1]; MRONJ
triggering event (tooth extraction or other); type of antire-
sorptive agent used (BP or Dmab); primary disease (osteo-
porosis or malignant tumor); duration of antiresorptive agent
administration; discontinuation of antiresorptive agent for
more than 90 days before MRONI treatment; use of steroids;
diabetes; levels of leukocytes, serum albumin, creatinine;
and treatment method (surgical or nonsurgical). Patients who
initially underwent nonsurgical treatment but later had sur-
gery, as they were not cured, were also included in the surgi-
cal treatment group. Nonsurgical treatment included the use
of an antiseptic mouth rinse, a systemic antimicrobial agent,

MRON!I patients
n=453
IS 26 patients were excluded
because of follow-up periods < 3
\4 months

Registered patients

n=427
Institution Number of patients
Nagasaki University 102
Nara Medical University 88
Wakayama Medical University 56
Kobe University 56
Shinshu University 30
Kansai Medical University 28
Juntendo University 28
Osaka City University 23
Nagoya City University 16

Fig. 1 Subject registration chart and number of patients in each hos-
pital
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or the removal of the sequester separated from the surface
of the exposed bone without anesthesia or with local anes-
thesia, while the removal of deep sequesters under general
anesthesia was considered surgical treatment.

Statistical analysis

All statistical analyses were performed using SPSS soft-
ware (version 24.0; Japan IBM Co., Tokyo, Japan). First,
the relationships between all independent variables and
treatment outcomes in all 427 patients were analyzed by the
Kaplan—Meier method and log rank test, followed by multi-
variate Cox proportional hazard model analyses. Next, the
efficacy of discontinuing the antiresorptive agent was ana-
lyzed by the Kaplan—Meier method and the log rank test in
all 427 patients. This analysis was also performed according
to the primary disease (osteoporosis or malignancy) and by
the treatment method used (surgical or nonsurgical).

Furthermore, a propensity score analysis [9] was per-
formed to minimize selection biases, commonly associated
with retrospective data analyses, between the discontinu-
ation and continuation of the antiresorptive agent groups.
For each patient, a propensity score for the drug holiday
was calculated by a logistic regression analysis of all inde-
pendent variables. In the propensity score-matched cases,
the complete healing rate according to the drug holiday des-
ignation was then evaluated by Kaplan—Meier analysis and
log rank testing. In all analyses, two-tailed p values < 0.05
were considered statistically significant.

Ethics

Ethical approval from the institutional review board of each
University Hospital was obtained and the study conformed
to the tenets of the Declaration of Helsinki.

Results
Demographic characteristics of the patients

Patient characteristics in the surgical and nonsurgical
treatment groups are summarized in Table 1. Overall, 143
patients were male and 284 were female, with a median age
of 75 years. The primary disease was osteoporosis in 191
patients and malignant tumor in 236 patients. In total, 320
patients received BP and 107 received Dmab. Surgical treat-
ment was performed in 191 patients and nonsurgical treat-
ment was given to 236 patients. The treatment method was
not randomly distributed but was determined according to
the standards of the individual hospitals.

@ Springer

Table 1 Demographic characteristics of all 427 patients

Variable Number of patients or
median (25-75% interquartile
range)

Age (years) 75 (67-81)

Sex

Male 143
Female 284
Site
Upper jaw 140
Lower jaw 287
Stage
12 356
3 71
Trigger
Tooth extraction 171
Others 256
Type of antiresorptive agent
Bisphosphonate 320
Denosumab 107
Primary disease
Malignant tumor 236
Osteoporosis 191
Duration of administration (months)  28.8 (14-56)
Use of corticosteroid
(=) 312
+) 115
Diabetes
=) 377
+) 50
White blood cells (/pL) 5908 (4778-7369)
Serum albumin (g/dL) 3.8 (3.54.1)

Serum creatinine (mg/dL) 0.73 (0.61-0.96)

Treatment strategy

Surgical 191

Nonsurgical 236
Drug usage

Discontinued 247

Continued 170

Unknown 10
Total 427

Treatment methods and outcomes

The cumulative healing rates for MRONJ after 1 and
2 years were 64.7% and 81.3%, respectively; the rate was
significantly higher in the surgical treatment group than
the nonsurgical group (18.2% and 32.0%, respectively;
Fig. 2). When assessed according to the primary disease,
the surgical group showed significantly better treatment
outcomes than the nonsurgical group, for both patients
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Fig.2 A comparison of MRJONIJ cure rates in the nonsurgical and
surgical treatment groups in all 427 patients. MRONJ medication-
related osteonecrosis of the jaw

with osteoporosis and those with malignant tumors
(Fig. 3).

Factors affecting treatment outcome

Multivariate Cox regression analysis revealed that four vari-
ables—primary disease, diabetes, serum albumin, and treat-
ment method—were significantly correlated with the healing
rate in the 427 patients overall (Table 2).
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Fig.3 The relationship between MRONIJ cure rates between nonsur-
gical and surgical treatment strategies subcategorized according to
the primary disease. a The healing rate in the nonsurgical and sur-
gical treatment groups in 236 patients with malignant tumors. b The

Relationship between a drug holiday
and the treatment outcome

Figure 4 illustrates the cumulative healing rate in the 427
patients with discontinued or continued antiresorptive agent
use; there was no significant difference between these two
groups. Given the possibility of bias between the discon-
tinuation and continuation groups, we performed propen-
sity score matching analyses. The concordance index was
0.701 and the Hosmer—Lemeshow statistic was insignificant
(p=0.183). The propensity scores—which reflected the
probability that a patient would have a drug holiday—ranged
from 0.22218 to 0.88793 in the drug holiday group and from
0.13287 to 0.90877 in the no drug holiday group. Propensity
score matching yielded 230 patients (115 patients in each
group) (Tables 3 and 4). Univariate analysis of the propen-
sity score-matched groups also revealed no significant dif-
ference between the outcomes of the two groups (p=0.346;
Fig. 5).

Furthermore, we investigated the efficacy of a drug holi-
day after cohort stratification according to the primary dis-
ease and the treatment method used. In the 236 patients with
malignant tumors, discontinuing the antiresorptive agent was
associated with better treatment outcomes when nonsurgical
therapy was performed, although not significantly so. In con-
trast, drug holidays showed no effect on improving outcomes
in patients who underwent surgical treatment (Fig. 6a, b).
In the 191 patients with osteoporosis, those who underwent
nonsurgical treatment while discontinuing antiresorptive
agent use showed a significantly better outcome than those

B
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Q >
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@]
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healing rate in the nonsurgical and surgical treatment groups in 191
patients with osteoporosis. MRONJ medication-related osteonecrosis
of the jaw
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Table 2 Multivariate analysis of

. . Variable Pvalue HR 95% CI
variables relating to cure rates
in all 427 patients Age (years) 0.152
Sex Male vs. female 0.359
Site Upper vs. lower 0.376
Stage 1-2vs. 3 0.721
Trigger Other vs. tooth extraction 0.085
Type of antiresorptive agent Bisphosphonate vs. Denosumab 0.222
Primary disease Osteoporosis vs. malignant tumor < 0.001  0.253 0.181-0.352
Duration of administration (months) 0.706
Use of corticosteroid (=) vs. (+) 0.353
Diabetes (=) vs. (+) 0.001 0.430 0.261-0.707
White blood cells (/pL) 0.196
Serum albumin (g/dL) 0.009 1543 1.115-2.134
Serum creatinine (mg/dL) 0.961
Treatment strategy Surgical vs. nonsurgical <0.001 0.231 0.163-0.328
Drug usage Discontinued vs. continued 0.398

HR hazard ratio, CI confidence interval
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Fig.4 A comparison of the cure rate in the antiresorptive agent dis-
continuation and continuation groups comprising all 427 patients

who underwent nonsurgical treatment without a drug holi-
day (Fig. 6¢). In contrast, in those with osteoporosis who
underwent surgery while discontinuing antiresorptive agent
use, the time-to-cure was significantly longer than for those
who did not take a drug holiday, although the final healing
rate did not differ between the two groups (Fig. 6d).

Discussion
Opinions about the treatment strategy for MRONJ vary, but

recently many authors have reported the superiority of sur-
gery over conservative therapy [3—-6]. Conservative therapy

@ Springer

not only has a low cure rate, but also a very long time-to-
cure, which may decrease the quality of life of the patients,
although conservative therapy has some advantages in that
it is less invasive. However, few studies have investigated
the period required for healing in MRON]J patients. In the
current study, we examined treatment outcomes for the time-
to-cure using Cox regression analysis rather than performing
a logistic regression analysis of the final cure rate. We found
that the 1-year cumulative cure rate was 64.7% for surgical
therapy and 18.2% for conservative therapy, which indicates
that surgery is superior to nonsurgical therapy both in terms
of a higher cure rate and a shorter healing duration.
Another unresolved issue had been whether discontinuing
antiresorptive agent use during MRONI therapy was effec-
tive for improving the treatment outcome. Martins et al.
[8] reported that taking a drug holiday for a longer time
contributed to a shorter treatment period, based on a retro-
spective cohort study of 77 patients; however, they did not
compare the drug holiday group with a group that did not
discontinue medication. Kim et al. [10] reported that cessa-
tion of antiresorptive agent use was not related to treatment
outcomes in patients receiving nonsurgical treatment, but it
was a significant factor for healing in the group receiving
surgical treatment. Hinson et al. [11] and Magopoulos et al.
[7] also described some advantages of discontinuing antire-
sorptive agent treatment to achieve a better MRONIJ treat-
ment outcome. However, these reports were on retrospective
studies involving a small number of patients, and it remained
controversial whether antiresorptive agent use should be dis-
continued during MRONIJ treatment, considering the risks
associated with such a drug holiday. It was unclear about the
influence of discontinuing antiresorptive agent on the pri-
mary disease. That is because even if fractures and bone pain



Journal of Bone and Mineral Metabolism (2020) 38:126-134

131

Tab]e 3 (;ompari.son Of, Variable Discontinued use Continued use p value
variables in the discontinued
and continued drug use groups Age (years) 76 (67-81) 73 (66-80) 0.091
in all 427 patients Sex
Male 78 61 0.076
Female 169 109
Site
Upper jaw 82 55 0.718
Lower jaw 165 115
Stage
1-2 210 140 0.149
3 37 30
Trigger
Tooth extraction 103 64 0.091
Others 144 106
Type of antiresorptive agent
Bisphosphonate 205 107 < 0.001
Denosumab 42 63
Primary disease
Malignant tumor 126 105 < 0.001
Osteoporosis 121 65
Duration of administration (months) 35 (15-59) 25 (14-49) 0.215
Use of corticosteroid
(=) 174 129 0.013
+) 73 41
Diabetes
(=) 216 151 0.396
+) 31 19
White blood cells 6039 5753 (4548-7040) 0.117
(/uL) (4873-7459)
Serum albumin (g/dL) 3.9 (3.542) 3.7 (3.4-4.0) 0.020
Serum creatinine (mg/dL) 0.74 (0.62-0.92) 0.74 (0.60-1.04) 0.615
Treatment strategy
Surgical 109 77 0.648
Nonsurgical 138 93
Total 247 170

appear, it is difficult to determine whether it is due to drug
withdrawal or progression of the primary disease. However,
we think that it cannot be ruled out that drug withdrawal
may cause some physiological changes such as changes in
bone metabolic markers and changes in bone density. In the
current study, discontinuing antiresorptive agents showed no
significant effects on increasing the cure rate in 427 MRONJ
patients.

The effectiveness of antiresorptive agents in patients with
malignant tumors and osteoporosis is well known, and the
evidence is sound. BP and Dmab play important roles not
only in preventing skeletal-related events [12—15], but also
in controlling bone metastasis in patients with malignant
tumors [16, 17]. The use of BP/Dmab in the treatment of
osteoporosis decreases the fracture rate and affects survival

[18-23]. On the other hand, there is no evidence that dis-
continuing antiresorptive agent use improves the outcome of
treatment for MRONJ, except in patients with osteoporosis
who underwent nonsurgical treatment.

In the present study, we investigated a large number of
MRONI patients in a multicenter study. In a total of 427
cases, a drug holiday did not increase the cure rate based on
multivariate Cox regression or on propensity score-matching
analysis. Our results revealed BP deposits in the bone long
after the blood concentration decreases [24]. In contrast,
Dmab has no binding affinity for bone matrices and, unlike
BP, the antiresorptive effects of Dmab should mostly dissi-
pate within 6 months of drug discontinuation [1]. Therefore,
we examined the effects of drug holidays separately for the
BP group and Dmab group, but no effects were observed in
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Table 4 Comparison of variables in the discontinued and continued
drug use groups in the 230 patients after propensity score matching

Variable Discontinued use  Continued use P value
Age (years) 73 (65-79) 73 (66-79) 0.697
Sex
Male 46 44 0.592
Female 69 71
Site
Upper jaw 36 37 0.778
Lower jaw 79 78
Stage
1-2 101 100 0.693
3 14 15
Trigger
Tooth extraction 43 43 1.000
Others 72 72
Type of antiresorp-
tive agent
Bisphosphonate 78 75 0.405
Denosumab 37 40
Primary disease
Malignant tumor 77 75 0.580
Osteoporosis 77 40
Duration of admin- 23 (12-48) 25 (14-46) 0.400
istration (months)
=) 80 83 0.387
) 35 32
Diabetes
(=) 104 104 1.000
++) 11 11
White blood cells 5840 (4792-7138) 5760 (4688-7175) 0.908
(/pL)
Serum albumin 3.8(3.54.2) 3.8 (3.54.1) 0.447
(¢/dL)
Serum creatinine 0.73 (0.62-0.89)  0.80 (0.63-1.16)  0.099
(mg/dL)
Treatment strategy 58 55 0.662
Surgical 57 60
Nonsurgical
Total 115 115

either group. We think that the drug holiday had no effect
because the holiday period was too short to reduce the
antiresorptive effects of BP and Dmab.

Furthermore, we examined the effect of discontinuing
antiresorptive agent treatment according to the primary
disease (osteoporosis and malignant tumor) and the treat-
ment strategy (nonsurgical and surgical). In patients with
malignant tumors undergoing surgery, a drug holiday did not
affect the treatment outcome; those with malignant tumors
who underwent nonsurgical treatment showed a slight
effect due to a drug holiday, but it was not significant. In
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Fig.5 An analysis of the cure rate in the antiresorptive agent discon-
tinuation and continuation groups in 230 propensity score-matched
MRONIJ patients. MRONJ medication-related osteonecrosis of the
jaw

osteoporosis patients, a drug holiday improved the outcome
for nonsurgical treatment methods, although the outcome
was still considerably inferior to that achieved by surgery.
Conversely, treatment outcomes were poorer in those who
underwent surgery while discontinuing antiresorptive agent
treatment than in those without such a drug holiday, yet the
final cure rate was almost equal for those receiving surgical
treatment while continuing or discontinuing antiresorptive
agent treatment. The reason for this may be that surgery
tended to be delayed in the discontinuation group.

This study suggests that discontinuing antiresorptive
agent use while undergoing MRONIJ treatment does not
improve outcomes, with the exception of osteoporosis
patients who received nonsurgical therapy; in these cases,
a drug holiday may increase the cure rate. However, since
nonsurgical treatment generally takes a long time, the drug
holiday period is long and, consequently, the risk of a drug
holiday needs to be prudently considered. Since the cure rate
is clearly higher in surgical treatment cases than in nonsurgi-
cal treatment cases, we propose that it is better to perform
surgery without discontinuing antiresorptive agent use than
to take the risks associated with long-term drug holidays.

This study had some limitations, since it is a retro-
spective cohort study and selection bias exists because
the treatment policies and surgery methods do not always
match in each facility. Therefore, it cannot prove causa-
tion, and generalization of the results may be difficult.
However, the significance of a drug holiday had not
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Fig.6 The relationship between antiresorptive agent use, the treat-
ment method, and cure rates. a The MRONIJ cure rates in the antire-
sorptive agent discontinuation and continuation groups in 152
patients with malignant tumors after nonsurgical treatment. b The
MRONIJ cure rates in the antiresorptive agent discontinuation and
continuation treatment groups in 84 patients with malignant tumors

been reported previously in a study of a large number of
MRONJ patients. We think that prospective studies are
necessary in the future to draw more clear conclusions.

Conclusion

Our research suggests that regardless of the primary dis-
ease, discontinuing antiresorptive agents when performing
surgical treatment for MRONYJ is unnecessary. Also, surgi-
cal treatment should be considered as the first method of
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after surgical treatment. ¢ The MRONJ cure rates in the antiresorp-
tive agent discontinuation and continuation groups in 84 patients with
osteoporosis after nonsurgical treatment. d The MRONIJ cure rates
in the antiresorptive agent discontinuation and continuation groups
in 107 patients with osteoporosis after surgical treatment. MRONJ,
medication-related osteonecrosis of the jaw

treatment for MRONIJ. Further prospective trials are neces-
sary to substantiate these retrospective findings.
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